Fruit flies (Diptera: Tephritidae) are considered important pests of fruticulture due to considerable losses to production and limitation to free transit of fresh fruits. A generalist species is cresature that can live or feed on a wide variety of environemnts or host plants. Although, Anastrepha is a generalist species but infests a small range of plants. The specificity of this species with host plants is a peculiar characteristic of genus Anastrepha. Therefore, it is important to understand the host species and its feeding behaviour on host plants. This way, we will better know its ecology, biology and evolution for rational control ways and measures. Therefore, this study aimed at understanding the biology of Anastrepha alveata Stone (Diptera: Tephritidae). A study was carried out under controlled laboratory conditions (27 ± 2°C temperature, 70 ± 5% RH, photoperiod 12 hours) during the period from November/2015 to October/2017. Anastrepha alveata adults were obtained from wild plum fruits Ximenia americana L. (Olacaceae), collected from Savanna area in two fructification periods. One-hundred and fifty Anastrepha alveata adults were collected (60 females and 90 males) to determine sexual maturity, mating behavior, fecundity and longevity. The sexual maturity for Anastrepha alveata was 8-13 days after emergence for females. At this age they emitted signal of acceptance for mating and copulation. For males, 5-7 days after emergence this mating signals was given, which was characterized by the protrusion of the lateral abdominal pleural glands. The mating rhythm of Anastrepha alveata was crepuscular/nocturnal, beginning around 6 p.m. and extending to/after 9 p.m. Anastrepha alveata females did not mate with more than one male but mated more than once. The number of males did not affect significantly the mating time, the number of eggs and the longevity of Anastrepha alveata. The mean pupal period for Anastrepha alveata was 17.5 days. Two preferential peaks for adult emergence were observed at 10:00 am and 03:00 pm. The longevity of the adult insects was greater than 300 days, surviving until the fructification of its host (wild plum) in the following year. Therefore, A. alveata has a strictly monophagous food habit associated with the Ximenia americana host.
Introduction
Fruit flies (Diptera: Tephritidae) are insects that cause considerable damages to the fruit growing activity as consequence of injuries by the perforation of fruits for oviposition and larval development that occurs inside fruits. Anastrepha Schiner is the most diverse fruit fly genus in the American tropics and subtropics with more than 250 species described (Norrbom and Korytkowski, 2011; Norrbom et al., 2014) . In Brazil, Anastrepha is currently represented by 120 registered species (Zucchi, 2008) . According to , Anastrepha species originate from American continent, where they are endemic. Most species of Anastrepha are distributed by the Neotropical region and some species occur in the south of the Neartic region. The genus is established in the southern United States, Mexico, Central America and throughout South America, where the species are distributed along a range between latitudes 35 o N to 35 o S, in a diversity of environments, from sea level up to altitudes of more than 3,000 m, from areas of high rainfall to desert areas. The species Anastrepha alveata Stone has been reported in Brazil, where its occurrences are associated with surveys using traps, where little is known and studied (Araujo et al., 2000; Martins et al., 2000; Alvarenga et al., 2010; Holanda, 2012) , although being associated with Ximenia americana L. (Olacaceae) host in Mexico (Piedra et al., 1993; Sivinski et al., 1997) . After a century of studies and surveys of fruit flies in Brazil, there was only one record of A. alveata in fruits, also sourced from wild plum X. americana (Araújo et al., 2014) . Wild plum is naturally distributed in Africa, India, Central and South America. In Brazil, it is found in the northern, northeastern and midwestern regions with a wide distribution in several forest ecosystems (Sacande and Vautier, 2006) . It is one of the main species of the Savanna biome shrub-tree extract (Fernandez and Bezerra, 1990) . Fruits are characterized as a subglobular drupe of yelloworange color, pulp of firm consistency and bittersweet flavor, involving a single white almond, being a rich source of vitamin C and aromatic compounds (Brasileiro et al., 2008) . The fructification period is annual and is concentrated between October and December, soon in the first rains. In all areas of its occurrence, wild plum is much researched due to its therapeutic activities based on popular knowledge, with emphasis on the discovery of new drugs (Brasileiro et al., 2008; Olabissi et al., 2011; Almeida et al., 2016) . In Brazil, there are few studies on biology and ecology for most species of fruit flies. In tropical and subtropical regions, the most studied species are those of economic importance, which are oligophagic/polyphagous. However, there are species that are highly specialized in certain hosts (Selivon, 2000) . Anastrepha alveata can be inserted in this context, since it is associated only with wild plum and is considered rare and non-plague (Piedra et al., 1993; Aluja et al., 2014) . The studies on Anastrepha have focused on a combination of morphological, molecular, ecological and behavioral principles (Aluja, 1994) . In this sense, the importance of knowing the biological and ecological behavior of monophagous species of tropical regions is evident, since they attack fruit of socioeconomic value for local communities. Therefore, this knowledge may serve to develop rational strategies for management of fruit flies. The aim of this work was to characterize the biological and behavioral aspects of mating, oviposition, fertility and survial of A. alveata, associated with X. americana wild plum.
Results and discussion
In total, 2744 fruits were collected from 17 locations in November-December/2015 and October-December/2016. About 2684 puparia were obtained from fruits, from which 1528 adults were emerged, being 766 males and 762 females, all of A. alveata species (Table 1) . Due to the large number of adults obtained from fruits, we decided to carry out the evaluations from wild flies, since the breeding of this species was not established in laboratory. According to Aluja and Mangan (2008) , wild flies should preferably be used, although most of the time, it is necessary to use laboratorycreated insects, since wild flies are not always available in enough amounts.
Pupal period and emergence
The mean pupal period was 17.5 days, with adult emergence peak at day 17, with 19 females and 20 males (Fig 1) . For many species, the developmental period of the pupal stage is 16.4 days on average, varying according sex. Anastrepha fraterculus males usually emerge hours before females, presenting average development speed of 16.1 days, while in females, the average is 16.5 days (Da Cruz et al., 2000) . The pupal period of A. fraterculus was from 15 to 20 days at temperature of 25 ºC (Salles, 1995) , making this species more adapted to regions of temperate climate, such as the Southeastern and Southern Brazil, where it has the status of primary pest for many fruit trees in these regions (Selivon, 2000) . It is part of the biological patterns and preferred time for adult emergence of Anastrepha species. We observed a greater number of emergences around 10 am and 15 pm hours for A. alveata females and, from 10 am and 13 pm hours for males (Fig 2) . For Aluja (1994) , the period of the day for adult emergence usually occurs during the morning, as recorded in A. ludens (95.7%) between 6:00 am and 10:00 am and in A. striata (62.3%) between 9:00 am and 12:00 pm.
Maturation and mating of A. alveata
For the A. alveata maturation and mating characterization, the best events were observed in 10 cages of M2. The sexual maturation of females and acceptance of males for copulation was occurred at 8-13 days after emergence, with average around 10.4 ± 0.63 days. As for the sexual maturation of males, we observed that at 5-7 days (mean 5.8 ± 0.24) after emergence, they reached sexual maturity with sign of protrusion of the lateral abdominal pleural glands. According to Aluja et al. (1999) , these structures are related to the production of sex pheromones. From then on, males began court, characterized by movements of the wings, as in an act of fanning/ventilating, and also performing anal touches on the walls of the cage. These behavioral patterns are associated with pheromone emission and are common to many Anastrepha species (Aluja, 1994; Aluja et al., 1999) . The time difference for sexual maturation has shown that males are more precocious and females demand more time to reach sexual maturation. In addition, females need to ingest a greater variety of nutrients, mainly protein substances, essential for sexual maturation (Bateman, 1972) and consequently of eggs. In breeding cages, other events were observed, in which sexually mature males tried to mate with other males, but separating quickly, or other males overlapping a male in copulation with a female, forming a stacking up to three overlapped males. According to Aluja et al. (1999) , during peak hours of mating activity, males try to mate with other males, suggesting that there is no early discrimination by males of potential females (mature females) for mating. A description of the bioecology of A. fraterculus (Wiedemann) reports that males become reproductive before females, requiring about five days for males and seven days for females to reach reproductive stage (Salles, 1995) . However, Aluja et al. (1999) reported the sexual maturation for females of some species, such as A. obliqua (Macquart) (10-12 days), A. serpentina (Wiedemann) and A. suspensa (Loew) (14 days), A. striata (Schiner) (14-15 days), A. fraterculus (17 days), A. pseudoparallela (Loew) (18 days), A. sororcula Zucchi (24 days) and A. bistrigata Bezzi (26 days). Comparing with these data, the age of sexual maturation of A. alveata is closer to that of A. obliqua. Da Cruz et al. (2000) , in a review on the biology and development of fruit flies, found that under natural conditions, the reproductive potential of A. obliqua females occurs from six days of age. Due to the aforementioned similarity between A. alveata and A. obliqua, it is presumed that this age for A. alveata is not different, even because the short fructification period of its host is determinant to accelerate the reproductive behavior of the species. There was no significant difference at 5% probability by the t test. There was a low mating percentage (25%), since out of 60 A. alveata females exposed to males only 15 mated. The number of males per female presented a positive correlation, but not significant with the mating length (r = 0.40, P = 0.12) and with the number of eggs (fecundity) (r = 0.41, P = 0.17). However, there was a negative and nonsignificant correlation with longevity (r = -0.08, P = 0.78). Longevity had a negative correlation with the number of eggs deposited by A. alveata, and this correlation was not significant (r = -0.44, P = 0.15) ( Table 2) . Therefore, these results indicate that the number of males that females was exposed to did not interfere with mating length, fecundity and longevity. Therefore, regardless of number of males, females must have individual peculiarities within the species that determine their reproductive performance. Anastrepha alveata revealed a daily crepuscular/nocturnal mating rhythm, starting at about 6:00 pm, extending until after 9:00 pm. This time for the beginning of mating activities was recorded for M1 and M2 treatments. In the case of breeding cages, where population density was high, copulation stared a little earlier and probably the competition of many males searching for mating is an inducing factor for this event. The mean copulation length ranged from 81.3 ± 19.42 minutes for M1 (1 male and 1 female) and 118.4 ± 8.14 minutes for M2 (2 males and 1 female) ( Table 2 ). The mating time probably follows species-specific patterns, A. robusta (Greene) and A. fraterculus, in which copulation is observed early in the morning, for other species such as A. ludens (Loew), A. grandis (Macquart ) and A. pseudoparallela, mating activities are restricted to late afternoon (Aluja, 1994; Salles, 1995) , i.e., crepuscular, as observed for A. alveata. No copulation repetition was recorded when one female was submitted to two males (M2). Thus, it was not possible to determine if the female copulated with more than one partner. In the case where only one male was kept with one female (M1), more than one mating was recorded for some couples. Similarly, A. fraterculus, A. sororcula and A. pseudoparallela rarely mated more than once and never more than three times . It is noteworthy that A. ludens mates at dusk, lasting from 20 minutes to 3 hours, and that couples kept in cages mated repeatedly at intervals throughout their lives . Anastrepha alveata presented mean fecundity of 79 ± 34.08 for M1 and 193.3 ± 63.04 for M2 (Table 2 ), but did not characterize a defined pattern, since females with loads of 18 (M1) and 507 (M2) eggs during life were observed (125 and 96 days, respectively). The longest lived female (M1) (237 days) was less fecund (78 eggs) than the shortest lived female (M2) (92 days), which produced 147 eggs. According to a study carried out in laboratory, in A. fraterculus the maximum number of eggs deposited per female was 612, with mean of around 400 eggs (Salles, 1995) .
Longevity of A. alveata associated with fructification of X. Americana
Mean longevity of 329.5 ± 22.50 days was recorded for males and 308.5 ± 4.50 days for females, with the longest lived male surviving 352 days and female 313 days. found 431 days of longevity for an A. alveata male kept under laboratory conditions. Based on data obtained, it was verified that the longevity of A. alveata is sufficient to reach the new fructification period of its natural host, since wild plum begins to flower (floral buds) in July with fruit ripening in October to November. This characterizes that A. alveata presents longevity adapted to the phenology of its specific host. This suggests that the species has special survival mechanisms, which is not diapause, since it was kept in daily activities in the breeding cages. Diapause is a biological strategy, allowing fruit flies to survive long periods, when host fruits are scarce or unavailable but has never been documented for Anastrepha Aluja et al., 1998) . However, for many species of other tephritid genera such as Carpomya, Rhagoletis and Zonosemata, diapause has already been proven (Prokopy and Papaj, 1999) . The results obtained in this research bring information about A. alveata, a tephritid of tropical climate, presenting univoltine reproductive behavior and monophagous food habit, whose life cycle and longevity are closely related to the phenology of its host, the wild plum tree X. Americana. As everything in nature has its value in the life sustainability, the A. alveata host has aroused the interest of pharmacological research due to the therapeutic importance that has been presented in the treatment of various diseases and its use in rural communities as phytotherapeutic resources against inflammation and healing, in addition to the use of fruits as food. However, further studies should be carried out for a better understanding of the rational control of a Neotropical monophagous Anastrepha species.
Materials and methods

Fruit collections to obtain A. alveata specimens
The collection of wild plum fruits were carried out at Palmeiras home garden, municipality of São Pedro do Piauí -PI, 106 km from state capital Teresina (05º55'46 "S and 42º43'07" W), at altitude of 264 m a.s.l., Savanna biome with stretches of coconut forest (CEPRO, 2011) . At the fructification season of wild plum, from October to December, samples of ripe fruits (freshly fallen fruits or in the plant) were weekly collected. Fruits were transported in plastic trays to the Laboratory of Entomology, Center of Agricultural Sciences (CCA) -Federal University of Piauí (UFPI), Teresina-PI. Sampled fruits were counted and distributed in plastic trays (40x25x7 cm) containing a layer of sieved and autoclaved sand to provide pupation substrate. Puparia were sieved and packed in plastic containers (250 mL) with wet sand, covered with voile fabric and kept in the adult rearing room under controlled conditions (temperature 27 ± 2 ° C, air 70 ± 5% RH and photoperiod of 12 h).
Anastrepha alveata breeding
Emerged adults were transferred to breeding cages where they were kept and fed and observed daily for six months. After this period, insects were kept providing food and water and dead flies were removed. The diet was supplied in Petri dish (60 x 15 mm) and was composed of a mixture of hydrolyzed protein (Bionis), sterilized raw wheat germ (Walmon) and granulated sugar at the ratio of 1: 1: 3, refined in blender. Water was supplied by capillarity through a hydrophilic cotton yarn inserted in the top of a closed plastic container (100 mL). Breeding cages were manufactured in acrylic (50 cm height, 35 cm length and 30 cm width), with top and sides perforated with 2 mm holes. The anterior face with a circular opening (15 cm in diameter) was closed with voile fabric (a "long sleeve" type 80 cm in length), which allowed accessing the interior of the cage. The posterior face was closed with an oviposition screen (voile fabric with the inner face covered by a thin film of silicone -"RTV Maintenance Silicone, Acetic Cure"). As adults died, they were removed and females kept in 70% ethanol for confirmation of the A. alveata species, using the keys of Steyskal (1977) and Uramoto (2007) . Voucher specimens were preserved in 70% ethanol and deposited in the collection of Entomology Laboratorie/Department of Plant Protection of UFPI, Campus "Petrônio Portela", Teresina, PI and in the Collection "Iraci Paiva Coelho" from State University of Maranhão (UEMA), Campus "Cidade Universitária Paulo VI", São Luís, MA. Adults obtained from fruits were used for longevity, mating and fecundity evaluations. The pupal period of A. alveata was also evaluated.
Pupal period
Larvae (pre-pupae) were extracted from wild plum fruits and individualized in plastic containers (50 mL) with sand substrate (autoclaved and moist) and covered with voile fabric. Pupae were obtained from four fruit collections (year 2016), and 40 pupae per collection were used for observation.
Longevity
Longevity referred as period between adult emergence and death (in days). For this, adults of the same age were grouped in breeding cages that were daily supervised for the removal of dead flies. Two A. alveata generations of wild flies were developed (Nov./2015 to Oct./ 2016 and Nov./2016 to Oct./2017).
Performance of A. alveata female (mating, fecundity and longevity)
To determine sexual maturation (male and female), copulation time and length, number of copulations, copulation with more than one male, fecundity and longevity, 150 newly emerged insects were selected, including 60 females and 90 males. Insects were placed in plastic cages (transparent plastic containers with 9.5 cm in height x 12 cm in bottom diameter x 14 cm in top diameter, 1 L capacity, containing holes on the surface). A female and one or two males were kept in each cage. The number of males in the cages was considered as different treatments, assigned and named as M1 (proportion of 1 male to 1 female) and M2 (proportion of 2 males to 1 female). Each treatment was repeated 30 times. In treatments containing two males, one of them was marked in the mesoscutum with white paint (male-1 no mark / male-2 with mark), used to mark bees (uniPOSCA -China). Preliminary observations in breeding cages revealed that males started approaching at around 5:00 p.m. and from then on, insects were observed during the first four hours of scotophase for a period of 18 days. This was conducted to evaluate the age of sexual maturation (days of the first copulation after emergence), time, length (in minutes) and number of copulations (counting from the effective observation of couple's union up to separation; daily observation for the observation of mating couples, first copulation or repetition). To estimate fecundity, eggs were removed from the cage (every 3 days) with a soft humidified hair brush, the time from posture to female's death. Longevity was evaluated in days from emergence to female's death.
Statistical analysis
Mating length (minutes), fecundity (number of eggs) and longevity (days) were submitted to analysis of variance (ANOVA) and means were compared by t-test (5% probability). The correlation between number of males per female (1 male/female and 2 males/females) on the mating length (minutes), number of eggs (fecundity) and longevity (days) of A. alveata was calculated using the Pearson's correlation coefficient and the SAS Institute software.
Conclusion
The mean pupal period for A. alveata was 17.5 days. Two preferential peaks for adult emergence were observed at 10:00 am and 03:00 pm. The longevity of the adult insects was greater than 300 days, surviving until the fructification of its host, wild plum, in the following year. Therefore, A. alveata showed a strictly monophagous food habit associated with the Ximenia americana host.
